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ABSTRACT
Geologic Map of the Deer Point Quadrangle,
Garfield County, Utah
Nicholaus D. Driscoll
Department of Geological Sciences, BYU
Master of Science
A new geologic map of the Deer Point 7.5’ quadrangle located in the southern region of
Capitol Reef National Park in south-central Utah provides stratigraphic and structural detail not
previously available. The Deer Point quadrangle was mapped at a scale of 1:24,000 and is the
fourth geologic map completed at this scale in Capitol Reef National Park.
Twelve Quaternary units and eighteen bedrock formations and members are exposed in
the Deer Point quadrangle. Bedrock formations range in age from Triassic to Cretaceous. The
details not available on previous geologic maps include: four alluvial terrace units, two lacustrine
units, two mass movement units, and members of the Moenkopi, Chinle, and Carmel Formations.
Historically the Page Sandstone has been mapped as part of the Navajo Sandstone or the Carmel
Formation. This map identifies the Page Sandstone as a separate and independent unit.
The Deer Point quadrangle is cross cut by a portion of a Laramide-age, basement cored,
NNW-SSE trending asymmetrical anticline called the Waterpocket Fold. Strikes and dips
measured throughout the Deer Point quadrangle identify the vergence of the anticline as
eastward with a maximum dip of 49˚ on the forelimb and 7˚ on the backlimb. The maximum dip
on the forelimb dramatically decreases in the southern quarter of the quadrangle to 15˚.
The Utah Geological Survey is mapping the Hite Crossing 30’ x 60’ quadrangle at a scale
of 1:62.500. The Deer Point quadrangle is one of 32 quadrangles that comprise the Hite
Crossing quadrangle. The Utah Geological Survey is working to establish erosion rates on the
Colorado Plateau. To do this, they are dating alluvial terrace deposits. Within the Deer Point
quadrangle four new terrace levels have been identified that could help with this research.
Additional research could use these terrace deposits to better understand erosion rates in the Deer
Point quadrangle and the broader Colorado Plateau.
Numerous mass movement deposits are found within the Deer Point quadrangle. The
largest has been named the Red Slide. Several aspects of the Red Slide are identified including
classification, breakaway zone, source, deposit size, composition, debris flow path and
depositional history. The Red Slide has been classified as a debris flow. The breakaway zone is
a concave cliff 1.5 miles (2.4 km) to the west of the debris flow’s present location. The flow’s
scarp is no longer identifiable. The source of the debris flow material is the Chinle Formation
and Wingate Sandstone. The Red Slide deposit covers an area of over 16.6 million ft2 (~1.5
million m2). The toe of the debris flow is 1 mile (1.6 km) wide. The estimated maximum
thickness of the debris flow is sixty meters. The Red Slide is composed of fine-grained, clayand silt- sized material, and a small amount of angular pebble- to cobble-sized limestone clasts
from the Owl Rock Member of the Chinle Formation. Boulder- to sand-sized grains from the
Wingate Sandstone are scattered throughout the deposit with the larger grains forming inversely

grading packages. The Red Slide likely occurred as a series of large debris flows, not one
catastrophic event, although they may have occurred at about the same time.
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PREFACE

The thesis is divided into two chapters and appendices. Both chapters are complete with
their own illustrations and references. Appendix A, the geologic map and legend, will be
published by the Utah Geological Survey.
Chapter 1 contains a detailed overview of the preparation of the geologic map of the Deer
Point quadrangle. It contains a summary of previous research conducted in the area. It also
contains a description of methods used to create the map, and lists and discusses the important
conclusions observed within this process. It includes a list of mappable geologic units which can
be found within the quadrangle, and a discussion on the structure of the quadrangle.
Chapter 2 is a review of all findings pertaining to the research on the Red Slide. It
includes an explanation of previous work on the Red Slide and mass movements in general,
description of this study’s meaningful findings, and recommendations of future work to be
accomplished.
Appendix A is a paper copy of the geologic map and legend. Appendix B is a data CD
containing digital files of the geologic map, map legend, measured section, and copy of this
thesis.

viii

CHAPTER 1
Geologic map of the Deer Point 7.5’ quadrangle, Garfield County, Utah
ABSTRACT
A new geologic map of the Deer Point 7.5’ quadrangle located in the southern region of
Capitol Reef National Park in south-central Utah provides stratigraphic and structural detail not
previously available. The Deer Point quadrangle was mapped at a scale of 1:24,000 and is the
fourth geologic map completed at this scale in Capitol Reef National Park.
Twelve Quaternary units and eighteen bedrock formations and members are exposed in
the Deer Point quadrangle. Bedrock formations range in age from Triassic to Cretaceous. The
details not available on previous geologic maps include: four alluvial terrace units, two lacustrine
units, two mass movement units, and members of the Moenkopi, Chinle, and Carmel Formations.
Historically the Page Sandstone has been mapped as part of the Navajo Sandstone or the Carmel
Formation. This map identifies the Page Sandstone as a separate and independent unit.
The Deer Point quadrangle is cross cut by a portion of a Laramide-age, basement cored,
NNW-SSE trending asymmetrical anticline called the Waterpocket Fold. Strikes and dips
measured throughout the Deer Point quadrangle identify the vergence of the anticline as
eastward with a maximum dip of 49˚ on the forelimb and 7˚ on the backlimb. The maximum dip
on the forelimb dramatically decreases in the southern quarter of the quadrangle to 15˚.
The Utah Geological Survey is mapping the Hite Crossing 30’ x 60’ quadrangle at a scale
of 1:62.500. The Deer Point quadrangle is one of 32 quadrangles that comprise the Hite
Crossing quadrangle. The Utah Geological Survey is working to establish erosion rates on the
Colorado Plateau. To do this, they are dating alluvial terrace deposits. Within the Deer Point
9

quadrangle four new terrace levels have been identified that could help with this research.
Additional research could use these terrace deposits to better understand erosion rates in the Deer
Point quadrangle and the broader Colorado Plateau.
INTRODUCTION
Capitol Reef National Park is located in south-central Utah. Its outline envelops most of
a Laramide-age NNW-SSE trending asymmetrical anticline called the Waterpocket Fold,
commonly referred to as a monocline (Figure 1.1) (Baker, 1935; Eardley, 1949; Kelley and
Clinton, 1960; Huntoon and Sears, 1975; Davis, 1978; Anderson and Barnhard, 1986; Brown,
1993; Erslev, 1993; Tindall and Davis, 1999). The park has been the field area for geologists for
over a century (Powell, 1873; Gilbert, 1877; Dutton, 1880). It provides access to stratigraphy
representing over 275 million years of deposition (Smith et al., 1963; Mitchell, 1985; Dubiel,
1987; Blakey, 1989). The exposed structure has helped geologists better understand tectonism
and paleoenvironments of Western North America (Baker, 1935, Eardley, 1949; Davis, 1978;
Anderson and Barnhard, 1986, Morris et al., 2010). The Deer Point 7.5’ quadrangle is located at
the southern end of Capitol Reef National Park (Figure 1.2). This area of the park does not
receive the same number of visitors as the northern region but does draw a significant amount
each year (Worthington, personal communication). The Brihmall Double Arch trailhead leading
into the strike valley provides access to Brimhall Double Arch, Fountain Tanks and Halls Creek
Narrows. The less crowded environment appeals to many tourists and keeps them visiting
throughout most of the year. Within the quadrangle lies a large mass movement deposit called
the Red Slide (United States Geological Survey, 1987). This debris flow has never been the
subject of scientific research and has only been given a name and identified as colluvium of
unknown origin (Billingsly et. al., 1987; Mitchell, personal communication). The park service
10

Figure 1.1. Reference map of Capitol Reef National Park and the Deer Point quadrangle (modified
from Morris et al., 2010). The Fruita, Twin Rocks, and Golden Throne quadrangles have been
mapped by BYU students prior to this work. These maps have been published by the Utah
Geological Survey. Note that the Deer Point quadrangle encompasses parts of Capitol Reef
National Park, Grand Staircase – Escalante National Monument, Glen Canyon National Recreation
Area and other public lands managed by the Bureau of Land Management and State of Utah.
11

Figure 1.2. Shaded digital relief map of the Deer Point quadrangle. Solid yellow lines represent
road access and the dotted yellow line represents the Brimhall Double Arch trail that leads into
the strike valley. Major landmarks are labeled. Image courtesy of Bart Kowallis, 2011.
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does not actively monitor the Red Slide. If this slide reactivated, it could pose a threat to the
public as an immediate hazard but it does concern them since reactivation could pose a threat to
the public.
BACKGROUND AND PREVIOUS WORK
From the northern border to the southern border, Capitol Reef National Park contains
roughly 68 miles of the Waterpocket Fold. Halls Creek has exploited the structure and created a
valley that parallels the fold, commonly referred to as a strike valley or the Grand Gulch. The
first detailed unit descriptions, measured sections and stratigraphic analysis in the area were done
between 1875 and 1939 (Howell, 1875; Gilbert, 1877; Dutton, 1880; Gregory and Anderson,
1939). Early maps of the area include one made for the United States Atomic Energy
Commission for the purpose of uranium exploration (Luedke, 1953; Smith et al., 1963). Most of
these maps and more recent maps were done at the northern end of Capitol Reef National Park
and do not extend far enough south to cover the Deer Point quadrangle (McLelland et al., 2007;
Martin et al., 2007; Sorber et al., 2007). The most recent map, done nearly a quarter century ago,
that covers the Deer Point quadrangle was done by Billingsley et al. (1987) at a scale of
1:62,500. Their map covered the entire national park and the surrounding vicinity. The map
published by Billingsley et al., (1987) lacks detail in its quaternary and bedrock Stratigraphy and
its structure relative to this study.
The National Park Service has requested more detailed, geologic maps of Capitol Reef
National Park (Morris, personal communication). Currently three have been completed. The
first of the maps was completed in 2002 and covered the Fruita quadrangle (McLelland, 2002).
Subsequent maps were completed for the Golden Throne and Twin Rocks quadrangles (Figure
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1.1) (Martin, 2005; Sorber, 2006, respectively). The Deer Point quadrangle will be the first
1:24,000 scale map to be completed in the southern end of the park. It will include stratigraphic
and structural detail that has previously not been available for this area including:


Mapping separately the Sinbad Limestone, Torrey, and Moody Canyon Members of the
Moenkopi Formation.



Mapping separately the Shinarump Conglomerate, Monitor Butte, Petrified Forest, and
Owl Rock Members of the Chinle Formation.



The Page Sandstone mapped separately from the Navajo Sandstone and Carmel
Formation.



Mapping separately the Paria River and Winsor Members of the Carmel Formation.



An increase in the detail of Quaternary units.



A total of 64 strike and dip measurements.



Fracture patterns in the Navajo Sandstone.
The stratigraphic units of Capitol Reef National Park range from Permian to Quaternary

in age, however not all are present in the Deer Point quadrangle (Smith et al., 1963; Mitchell,
1985; Dubiel, 1987; Blakey, 1989; Morris et al., 2010). The oldest formation in the Deer Point
quadrangle is the Early Triassic-age Sinbad Limestone Member of the Moenkopi Formation.
The youngest bedrock formation is the Early Cretaceous-age Dakota Sandstone (Figure 1.3).
Previous mapping did not distinguish between members of the Moenkopi and Chinle
Formations, or identify the Page Sandstone, which are all found in the Deer Point quadrangle
(Figure 1.4 & 1.5). Historically the Page Sandstone was mapped as part of the Navajo
Sandstone. Recently it has been studied regionally and has been identified in the Fremont River

14

Figure 1.3. Stratigraphic column representing formations and members present in the Deer Point
quadrangle (modified from Morris et al., 2010).

drainage and at Oak Creek about 35 miles to the north (Capps 1990; Havholm and Kocurek
1994; Jones and Blakey 1997; Martin, 2005). It has not been previously identified in the Deer
Point quadrangle (Billingsly et al., 1987). Accurate mapping of the Page Sandstone is important
to understanding the large erg system that existed in this area during the Jurassic Period.
The Red Slide is located in the middle of the Deer Point quadrangle (Figure 1.2). The
most recent map identifies the Red Slide as colluvium deposits of unknown origin (Billingsley et
15

a

b

Figure 1.4. a) Image taken looking southeast across Middle Moody Canyon. Members of the
Chinle and Moenkopi Formations and the Wingate Sandstone are labeled. b) Image is of the
Page Sandstone and Navajo Sandstone contact taken near the Fountain Tanks. The Members of
the Chinle and Wingate Formations along with the Page Sandstone were not previously mapped
in the Deer Point quadrangle (Billingsley et al., 1987).
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al., 1987). No additional work on this slide has been done (Mitchell, personal communication).
The map produced in this study will delineate the Red Slide and will contain information
regarding classification, source, composition and history (See Chapter 2 and Appendix A).
MAPPING METHODOLOGY
The Deer Point quadrangle was mapped using 2001 vintage, color aerial photographs and
VrOne and VrTwo software provided by Cardinal Systems. VrTwo allows for digital mapping
on a three-dimensional projection of the photo, significantly increasing the accuracy of mapping.
Field mapping was done to confirm the accuracy of the digital mapping. It was accomplished
during multi-day trips from September 2009 – November 2011. The digital map was then
overlaid on top of the 1982 USGS 7.5’ topographical map of the Deer Point quadrangle using
ArcGIS 10. The map legend and cross section were generated in Adobe Illustrator.
Stratigraphic contacts were picked using the aerial photos in the VrTwo software. The
lines picked digitally were projected and printed onto a topographic map of the quadrangle and
taken to the field to assure accuracy of the picks. In the field, contacts were confirmed using
GPS and topographic maps. Sedimentological details such as color, texture, grain size, and
primary and secondary megascopic sedimentary structures were noted to confirm stratigraphic
units and their contacts.
One of the contributions of this map is a refined identification of stream terraces. Four
terrace levels were identified. Aerial photography does not give the detail required to see the
subtle differences in some of the terrace levels as some are differentiated by an elevation
difference of only ten feet. Field work was required to identify these terraces.
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Strikes and dips were gathered using two methods: field measurements (n=30) and
calculated measurements using the VrTwo software (n=34). The VrTwo software allows for the
computation of strikes and dips using a three point problem. Calculated strikes and dips were
used where accessibility was an issue or accurate field measurements were unobtainable.
Computed strikes and dips and field measurements were compared to assure consistency. In all
cases the computed strikes varied by 3˚ to 5˚ and computed dips varied by 1˚ to 3˚ from
measured. Section was measured in several locations around the quadrangle. Using a Jacob’s
Staff the members of the Chinle and Moenkopi Formations were measured just south of Deer
Point (Figure 1.2). The Dakota Sandstone and Morrison Formation were also measured along
the western edge of Big Thompson Mesa near the trailhead for Brimhall Double Arch (Figure
1.2). Thicknesses of the Wingate Sandstone, Kayenta Formation, Navajo Sandstone, Carmel
Formation, Entrada Sandstone, and Summerville Formation were estimated using VrTwo and
topographic maps.
QUATERNARY GEOLOGY
Mapping the Deer Point quadrangle has provided additional detail to Quaternary deposits.
They have been divided into the following units:
Qae - Alluvial-eolian deposits.
This deposit is composed of clay- to sand-sized alluvial sediment that locally includes
eolian sand and alluvial gravel. Commonly eolian sands drape the alluvial deposits. Alluvialeolian deposits found throughout the quadrangle. Typically observed in flat areas where both
alluvial and eolian processes are occurring. Thickness ranges from 0 to 15 feet (0-5 m).
Qal1 - Alluvial and floodplain deposits found in modern streams and rivers.
18

This deposit is composed of clay- to boulder-sized sediments composed of mudstone,
sandstone, and limestone particles. The majority of these deposits are found in Halls Creek with
some found in minor tributaries and fluvial channels in the map area. It should be noted that the
topographic basemap was created from 1982 vintage aerial photos and the geology was mapped
using 2001 vintage aerial photos. As a result, the blue line representing Halls Creek, sometimes
cuts terrace deposits. This is due to the changes in the position of Halls Creek over time.
Thickness ranges from 0 to 5 feet (0-1 m).
Qal2 & Qal3 - Alluvial and floodplain deposits of a former river level.
This deposit is composed of moderately to well sorted, clay- to cobble-sized mudstone,
sandstone, and limestone sediments that forms flat and gently sloping surfaces above modern
drainages. Subscript denotes height above active drainages: level-2 deposits are 5 to 10 feet (1-3
m) and level-3 deposits are 10 to 20 feet (3-6 m) above modern drainages. These terraces are
located along Halls Creek and its tributaries.
Qateo - Locally derived old alluvial terrace-eolian deposits.
This deposit is composed of old terrace deposits derived from local sources, composed of
clay- to cobble-sized particles of mudstone, siltstone and sandstone.

Because of the proximity

to the Navajo Sandstone, relatively recent deposition of eolian sand creates an eolian cover.
These deposits are observed at the bottom of abandoned meanders from historic Halls Creek that
are carved into the Navajo Sandstone. Occasionally found perched on top into the Navajo
Sandstone where Halls Creek did not erode very deep. All deposits are observed west of the
present location of Halls Creek. Thickness ranges from 0 to 20 feet (0-6 m).
Qato - Locally derived old alluvial terrace deposits terrace deposits.
19

This deposit is composed of old terrace deposits derived from local sources, composed of
clay- to cobble-sized particles of mudstone, siltstone, and sandstone. These terraces are found
adjacent to Halls Creek and represent terraces formed by Halls Creek at its present location.
This is different than Qateo deposits since they were formed by Halls Creek at a historic
location. Also the proximity to Navajo Sandstone is not close enough to provide a sufficient
amount of eolian sand to create the same cover as the Qateo deposits. Thickness ranges from 020 feet (0-6 m).
Qe - Eolian deposits.
This deposit is composed of wind-blown, sand-sized particles. The largest accumulation
is on Big Thompson Mesa capping the Dakota Sandstone. Most recently, the blowing sand is
captured by wind-shadows associated with sage brush. Thickness ranges from 0 to 25 feet (0-7.5
m).
Qle - Lacustrine-eolian deposits.
These deposits are found in erosional “pockets” in the Navajo Sandstone and Wingate
Formation where water collects creating lacustrine deposits. Deposits are observed in the
southern area of the quadrangle. Only four deposits were mapped, each deposit covers an area of
roughly 30,000 ft2 (2,800 m2). Thickness ranges from 0-10 feet (0-3 m).
Qlf - Lacustrine-fill deposits.
This deposit consists of man-made dams that back fill with run-off creating an ephemeral
lacustrine system. Eventually these dams fill with local sediments. These deposits are small,
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roughly 25,000 ft2 to 30,000 ft2 (2,300 m2 to 2,800 m2). They are found in the northeastern and
eastern areas of the quadrangle. Thickness ranges from 0-10 feet (0-3 m).
Qmsd & Qmse - Landslide deposits.
Two types of mass movement deposits are present in the Deer Point quadrangle. Debris
flows (Qmsd) composed of the Chinle Formation and Wingate Sandstone are found throughout
the western half of the quadrangle. The largest debris flow has been named the Red Slide and is
located in the center of the quadrangle. The other type of mass movement deposit found in the
map area is earth slumps (Qmse). These are found only in the Brushy Basin Member of the
Morrison Formation. These slump blocks are found in the northeast section of the map.
Thickness ranges from 0 to 197 feet (0-60 m).
Qmt - Talus deposits
This deposit consists of rock falls and rock slides deposited on slopes. Deposits are
typically found covering a recessive slope-forming unit that lies underneath a more resistant
cliff-forming unit. Sediment is composed of clay- to boulder-size particles. Talus deposits are
commonly found where an easily erodible rock layer is located directly under a more resistant
rock layer, such as the Owl Rock Member of the Chinle Formation underlying the Wingate
Sandstone. Thickness ranges from 0 to 5 feet (0-1.5 m).
The identification of stream terraces provides valuable information for future research
about the erosional history of the Deer Point quadrangle and the broader Colorado Plateau. This
map identifies terraces ranging from 100 to 280 feet (30-85 m) above current stream level.
Some of these terrace deposits represent abandoned meanders of Halls Creek. If ages could be
obtained for these deposits, then downcutting rates could be determined for Halls Creek. No
21

attempt was made to correlate the terraces observed in the Deer Point quadrangle and the
Freemont River terraces in the Twin Rocks quadrangle 35 miles to the north (Sorber, 2006).
STRATIGRAPHY
The Deer Point quadrangle contains bedrock formations and members mappable on a
1:24,000 scale, ranging in age from the Triassic to Cretaceous. These formations and members
are described below in detail from oldest to youngest:
Triassic System
Sinbad Limestone Member of the Moenkopi Formation (Lower Triassic)
The entire vertical section of the Sinbad Limestone is not exposed in the Deer Point
quadrangle. It is composed of very-pale-orange to grayish-orange limestone and dolostone beds
with interbeds of calcareous siltstone, sandstone, and algal boundstone. It is ledge-forming.
Upper beds commonly contain oolitic grains. The basal contact of the Sinbad Limestone is not
observed in the Deer Point quadrangle. The Sinbad Limestone is observed at the bottom of
alluvial channels found in the northwest corner of the quadrangle. In other quadrangles in
Capitol Reef National Park this unit is relatively resistant to erosion and forms cliffs and ledges,
commonly forming the resistant caprock to hogback ridges. (McLelland et al., 2007; Martin et
al., 2007; Sorber et al., 2007). Thickness ranges from 50 to 70 feet (12-21 m)
Torrey Member of the Moenkopi Formation (Lower Triassic)
The Torrey Member is composed of moderate-reddish-brown to moderate-reddish-orange
mudstone, siltstone, and sandstone beds. Regionally the Torrey Member produces abundant
channel-filled rippled mudstone and sandstone beds, commonly called ripple-rock. In the Deer
22

Point quadrangle ripple-rock is observed. It is ledge- and slope-forming. The basal contact is
recognized by the last moderate-reddish-brown to moderate-reddish-orange mudstone, siltstone,
or sandstone bed. Basal contact is sharp. The Torrey Member is observed in the southwestern
corner of the quadrangle forming the wide valley bottom of Middle Moody Canyon and in the
northern half of the quadrangle as a wide valley along the forelimb of the Waterpocket fold.
Thickness ranges from 200-220 feet (61-67 m).
Moody Canyon Member of the Moenkopi Formation (Lower Triassic)
The Moody Canyon Member is composed of moderate-reddish-brown to moderatereddish-orange laminated mudstone and siltstone beds with sparse fine-grained ripple-laminated
sandstones and gypsum veins and stringers. The Moody Canyon Member is mostly slopeforming but can make vertical ledges when armored by a more resistant sandstone or mudstone
bed. It is ledge- and slope-forming. The basal contact is recognized where the ripple laminated
beds of the underlying Torrey Member are observed. Contact can also be indentified from a
change in the outcrop pattern. The Moody Canyon Member is muddier and tends to be more
slope-forming than the underlying Torrey Member which forms ledges. Basal contact is gradual.
The Moody Canyon Member observed at the flanks of Middle Moody Canyon forms a slope up
to the overlying Shinarump Conglomerate Member of the Chinle Formation. Outcrop of the
Moody Canyon Member can also be found in the northern half of the quadrangle running
roughly parallel to the strike of the Waterpocket Fold, forming a west facing slope beneath the
Chinle Formation and the cliffs of the Wingate Sandstone. Thickness ranges from 250-300 feet
(76-91 m).
Shinarump Conglomerate Member of the Chinle Formation (Upper Triassic)
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The Shinarump Conglomerate Member is composed of grayish-orange to very-paleorange, cross-stratified, medium- to coarse-grained sandstone and conglomerate. Petrified wood
can be found within the formation. Beds are discontinuous due to its braided fluvial depositional
history. Uranium has been found in the Shinarump Conglomerate Member and was mined in the
Golden Throne quadrangle, approximately 25 miles to the north. It is cliff- and ledge-forming.
The basal contact is recognized as the last grayish orange to very-pale-orange sandstone or
conglomerate. Basal contact is sharp and in some locations can be represented by scours where
the Torrey Member of the Moenkopi Formation has been eroded. The Shinarump Conglomerate
Member is observed as a cliff along the edge of Middle Moody Canyon. It also can be observed
as a dip slope on the forelimb of the Waterpocket fold near the center of the quadrangle.
Thickness ranges from 0 to 50 feet (0-15 m). Deposits approximately 50 feet thick are found in
the southern half of the quadrangle around the edges of Middle Moody Canyon. Outcrop of the
Shinarump Conglomerate Member begins to thin and pinch out around the northern edge of the
quadrangle.
Monitor Butte Member of the Chinle Formation (Upper Triassic)
The Monitor Butte Member is composed of light-olive-gray to greenish-gray bentonitic
claystone and mudstone beds with thin lenses of dark-yellowish-orange to dusty-brown, crossstratified, sandstone beds. It is slope-forming. The basal contact is recognized as the last lightolive-gray to greenish-gray colored slope. Basal contact is sharp. The Monitor Butte Member is
observed forming hills and slopes on top of the Shinarump Conglomerate in the southwestern
corner of the quadrangle. It can also be observed in the northern half of the quadrangle forming
a slope beneath the overlying members of the Chinle Formation and the cliffs of the Wingate
Sandstone. Thickness ranges from 150 to 200 feet (46-61 m).
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Petrified Forest Member of the Chinle Formation (Upper Triassic)
The Petrified Forest Member is composed of moderate-reddish-brown mudstone and
siltstone beds interbedded with 2 feet (0.6 m) thick carbonate nodule horizons that are interpreted
to be paleosols. Petrified wood is commonly found within the member. It is slope-forming. The
basal contact is recognized as the transition from moderate-reddish-brown color of the Petrified
Forest to the light-olive-gray to greenish-gray color of the Monitor Butte. Basal contact is
gradual. The Petrified Forest Member is observed forming a slope surrounding Deer Point, a
triangular shaped mesa, and the Circle Cliffs, crescent shaped cliffs, near the western and central
areas of the quadrangle. From north to south it also forms a predominantly west facing slope
beneath the Owl Rock Member of the Chinle Formation and the cliffs of the Wingate Sandstone.
Thickness ranges from 180 to 200 feet (55-61 m).
Owl Rock Member of the Chinle Formation (Upper Triassic)
The Owl Rock Member is composed of orange and pale-orange-gray mudstone, siltstone,
and sandstone beds with 1-2 feet thick interbedded, mottled, dusty-red to pale-yellowish-green
limestone. It contains numerous paleosols with abundant rhizoliths and bioturbated horizons. It
is slope-forming. The basal contact is recognized as a transition from the orange to pale-orangegray slope of the Owl Rock Member to the reddish-brown slope of the Petrified Forest Member.
Contact can occasionally be identified by a change in the outcrop pattern. The gradient of the
Owl Rock Members slope is steeper than the gradient of the Petrified Forest Members slope.
Basal contact is gradual. It is observed forming a slope surrounding Deer Point and the Circle
Cliffs near the western and central areas of the quadrangle. From north to south it also forms a
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predominantly west facing slope beneath the cliffs of the Wingate Sandstone. Thickness ranges
from 300 to 350 feet (91-106 m).
Jurassic to Triassic System
Wingate Sandstone (Lower Jurassic to Triassic (?))
The Wingate Sandstone is composed of light-brown to moderate-reddish-brown, high to
low angle cross-stratified to massive, very fine- to fine-grained sandstone. Walls are highly
fractured and often covered with black to brown desert varnish. The basal contact is recognized
as the bottom of the massive light-brown to moderate-reddish-brown sandstone. Basal contact is
sharp. Regionally the Wingate Sandstone forms a prominent cliff and creates Deer Point and the
Circle Cliffs in the western and central areas of the quadrangle. It can also be observed forming
cliffs running north to south through the center of the quadrangle. Thickness ranges from 350 to
400 feet (107-122 m).
Jurassic System
Kayenta Formation (Lower Jurassic)
The Kayenta Formation is composed of moderate-reddish-brown to moderate-reddishorange sandstone and siltstone beds. It forms stepped, moderately vegetated topography
composed of ledges, occasional cliffs, and slopes. The Kayenta Sandstone creates a topographic
break between the cliff-forming Wingate Sandstone below and the Navajo Sandstone above.
The basal contact is recognized as the last reddish-brown siltstone bed. Basal contact is sharp.
Thickness ranges from 300 to 400 feet (91-122 m).
Navajo Sandstone (Lower Jurassic)
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The Navajo Sandstone is composed of pale-gray to white, large scale high angle trough
cross-stratified, fine- to very-fine grained sandstone. Localized soft sediment deformation is
observable in the top 200 feet. The Navajo Sandstone forms cliffs and rounded domes which
aided in the naming of Capitol Reef National Park (Morris, personal communication). The basal
contact is recognized as the bottom from the gray to white, cross stratified sandstone. Basal
contact is sharp. Thickness ranges from 1000 to 1300 feet (305-396 m).
Page Sandstone (Middle Jurassic)
The Golden Throne quadrangle is approximately 25 miles north of the Deer Point
quadrangle. In the Golden Throne quadrangle a ripple-laminated, moderate-reddish-brown to
dark-reddish-brown mudstone and sandstone called the Judd Hollow Tongue Member of the
Carmel Formation divides the Harris Wash Member and the Thousand Pockets Member of the
Page Sandstone (Martin, 2005). In the Deer Point quadrangle the Judd Hollow Tongue Member
is not observed. Thus, the Page Sandstone has been identified as one unit and the Harris Wash
Member and Thousand Pockets Member were not mapped independently. The Page Sandstone
consists of pale-orange to pale-yellowish-orange, cross-stratified, fine- to medium-grained
sandstone. It is ledge-forming. The basal contact is recognized as the change in color from the
pale-orange and pale-yellowish-orange color of the Page Sandstone to the pale-gray to white
color of the Navajo Sandstone. Basal contact is sharp. The contact can also be identified is
some locations by the weathering pattern. The Page Sandstone is often observed as “flat-irons”
or triangular-shaped spurs along the west side of the strike valley. Thickness ranges from 133 to
153 (41-47 m).
Paria River Member of the Carmel Formation (Middle Jurassic)
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The Paria River Member is composed of moderate-reddish-brown beds of mudstone and
siltstone. It is slope-forming. The basal contact is recognized as the last reddish-brown
mudstone or siltstone bed. Basal contact is sharp. The Paria River Member is observed as “flatirons” or triangular-shaped spurs along the west side of the strike valley. Thickness ranges from
50 to 60 feet (15-18 m).
Winsor Members of the Carmel Formation (Middle Jurassic)
This unit consists of the upper and lower Winsor Members. Gypsum movement within
the Carmel Formation causes difficulty in consistently differentiating the upper and lower
Winsor Members. Because of this difficulty the members were mapped as one unit. This unit
consists of pale reddish-brown siltstone and mudstone beds with light-grey to white gypsum
beds. Where gypsum has not moved it ranges from small stringers to thicker bands of originally
bedded strata. In some locations gypsum movement has deformed overlying beds of the Entrada
Sandstone. It is slope-forming. The basal contact is recognized at the last bed of gypsum.
Gypsum movement has only deformed the overlying Entrada Sandstone leaving the underlying
Paria River Member of the Carmel Formation generally undisturbed. This allows for consistent
identification of the basal contact even where gypsum movement has deformed the Winsor
Members of the Carmel Formation. Basal contact is gradual. Where gypsum movement has not
deformed the original strata of the Winsor Members it can be observed as “flat-irons” or
triangular-shaped spurs along the west side of the strike valley. Thickness ranges from 80 to 100
feet (24-30 m).
Entrada Sandstone (Middle Jurassic)
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The Entrada Sandstone is composed of grayish-orange high, to low angle trough crossstratified sandstones found at the top of the formation. Grayish- to moderate-red mudstones are
found in the middle of the formation. Reddish-orange, fine-grained, cross-stratified sandstones
are found at the base of the formation. Sandstones at the top and bottom of the formation are
cliff-forming and mudstones are slope-forming. Basal contact is recognized as the bottom of the
reddish-orange, cross-stratified sandstone. Basal contact is sharp. The Entrada Sandstone is
typically found at the bottom of the strike valley. Halls Creek has exploited the mudstones in the
middle of the formation and it is often covered by stream terraces and modern alluvial deposits.
The basal sandstone unit is often observed along the western margin of the strike valley as large
sandstone hills. Where Halls Creek has not significantly eroded the basal sandstone it will
occasionally form a homoclinal ridge, commonly called a hogback, parallel the strike of the
Waterpocket Fold. The top sandstone unit forms the base of the cliff along the eastern edge of
the strike valley. Thickness ranges from 550-650 feet (167-198 m).
Summerville Formation (Upper Jurassic)
The Summerville Formation is composed of thin bedded, red-brown mudstone and
siltstone beds with very thin interbeds of limestone, sandstone, and gypsum. “Coconut” gypsum
stringers may be found as fracture-fill. The basal contact is recognized as the last thin bed of
mudstone and siltstone. Basal contact is sharp. The Summerville Formation forms slopes and
ledges, but can form cliffs along the eastern edge of the strike valley. Where it is slope-forming
it is often covered by talus deposits. Thickness is approximately 100 feet (30 m).
Tidwell Member of the Morrison Formation (Upper Jurassic)
This member is not observed in the Deer Point quadrangle.
29

Salt Wash Member of the Morrison Formation (Upper Jurassic)
The Salt Wash Member is composed of light-gray to light-grayish-brown claystone,
mudstone, siltstone, sandstone and pebble conglomerate. Sandstones are fine- to mediumgrained with moderate sorting. Claystone and mudstone beds are chiefly gray in color but can
locally display a spectrum of reds, browns, yellows, and greens. Laterally discontinuous lenses
of cross-stratified sandstone and conglomerate exist. Conglomeratic beds are mainly chert
pebbles with minor amounts of quartzite and silicified limestone. Basal contact is recognized as
the transition from light-grayish-brown sandstone cliffs to thinly bedded red-brown mudstone
and siltstone beds. Basal contact is gradual. The Salt Wash Member is observed as the top
portion of the cliff along the eastern edge of the strike valley. It can also be found throughout the
eastern half of the quadrangle at the bottom of alluvial channels and where overlying Brushy
Basin Member of the Morrison Formation has been eroded. Thickness ranges from 260 to 300
feet (79-91 m).
Brushy Basin Member of the Morrison Formation (Upper Jurassic)
The Brushy Basin Member is composed of light-greenish-gray and reddish-brown
laminated claystone, mudstone, and siltstone beds with minor amounts of sandstone and
conglomerate. It contains a significant amount of smectitic clay giving the slope a crumbly
“popcorn” like surface. It is slope-forming. The basal contact is recognized as the bottom of the
reddish-brown slope. Basal contact is sharp. The Brushy Basin Member is primarily observed
surrounding Big Thompson Mesa and the other mesas in the quadrangle in the northeastern part
of the quadrangle. Thickness ranges from 200 to 250 feet (60-75 m).
Cretaceous System
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Dakota Sandstone (Lower Cretaceous)
The Dakota Sandstone is composed of very fine- to fine-grained, tan to brownish-gray
quartzose sandstone with thin interbeds of conglomerate. The Dakota Sandstone outcrops as
laterally discontinuous lenses with low angle cross-stratification. It is ledge-forming. Due to the
discontinuous nature of the sandstone lenses, the basal contact of the Dakota Sandstone in the
Deer Point quadrangle is recognized as the transition from a tan to brownish-gray sandstone beds
to the light-greenish-gray, crumbly “popcorn” like slope of the Brushy Basin Member of the
Morrison Formation. Basal contact is sharp. The Dakota Sandstone is observed in the eastern
and northeastern area of the quadrangle. It forms the cap rock of the Big Thompson Mesa and
the other smaller mesas in the area. It is typically cover by a Quaternary eolian cover and can
most easily be seen at the edges of the mesas. Thickness ranges from 15 to 30 feet (5-10 m).
STRUCTURE
The Waterpocket Fold is a basement cored doubly plunging asymmetrical anticline
associated with the Laramide Orogeny (Baker, 1935; Eardley, 1949; Kelley and Clinton, 1960;
Huntoon and Sears, 1975; Davis, 1978; Brown, 1993; Erslev, 1993; Tindall and Davis et al.,
1999). At the basement detachment there are two opposing reverse faults creating the Miners
Mountain uplift and the Circle Cliffs uplift. In the north the Waterpocket Fold verges to the west
and in the south it verges to the east (Bump et al., 1997; Davis and Bump, 2009). Bump et al.
(1997) and Davis and Bump (2009) suggest that the fold is cored by opposing basement fault
zones that occurred along reactivated Neoproterozoic shear zones. The reactivation occurred
during the Late Cretaceous through early Tertiary and formed fault propagation folds above the
reverse faults in the basement rocks. No surface expression of these two faults has been found in
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Capitol Reef National Park (Billingsley et al., 1987, McLelland et al., 2007; Martin et al., 2007;
Sorber et al., 2007). However, evidence from exposures of the Kaibab and Uncompahgre uplifts,
seismic data of the San Rafael Swell, extensively studied Laramide related uplifts in Wyoming,
Colorado, Utah and Arizona, and fault interpretations in Capitol Reef National Park strongly
suggest that reactivated basement faults core the Circle Cliffs and Miners Mountain uplifts
(Anderson and Barnhard, 1986; Huntoon, 1993; Bump et al., 1997; Davis, 1999; Bump et al.,
2003; Martin, 2005; Sorber, 2006; Davis and Bump, 2009). The surface expression of these two
uplifts reflects the direction of the basement faults. The forelimb of the Miners Mountain uplift
is dipping steeply to the west and the backlimb is dipping shallowly to the east (Billingsley,
1987; McLelland et al., 2007; Martin et al., 2007; Sorber et al., 2007). This suggests that at the
basement, the hanging wall moved upward and to the west. The forelimb of the Circle Cliffs
uplift is dipping steeply to the east and the backlimb dips to the west, suggesting the hanging
wall moved up and to the east (Billingsley, 1987).
The two uplifts are divided by a transition zone located at Sheets Gulch, about 25 miles
to the north of the Deer Point quadrangle. Therefore the Deer Point quadrangle is found within
the eastward-verging Circle Cliffs uplift portion of the Waterpocket Fold. Bump et al. (1997)
suggests that this transition zone is where the opposing basement faults overlap. This overlap
creates a wrench zone that creates unique fault movement in the Teasdale Fault located in the
Golden Throne quadrangle. Moving east along the fault zone offset changes from down to the
south to down to the north (Martin, 2005). Martin (2005) also noted that the Teasdale Fault has a
component of left lateral strike-slip motion. This is a result of left lateral movement at the
basement due to the differences in the displacement of the two reverse faults (Bump et al., 1997;
Martin, 2005). No significant faults were found in the Deer Point quadrangle.
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The Deer Point quadrangle is located on the southern end of the Circle Cliffs uplift. The
NNW-SSE trending anticline cuts directly through the middle of the map area. The east dipping
forelimb and the west dipping backlimb are easily identified. Within the northern and southern
boundaries of the quadrangle major structural changes occur. At the northern end of the
quadrangle, maximum forelimb dip is 34˚ steepening to 49˚ in the middle of the quadrangle.
Near the southern end of the quadrangle the maximum forelimb dip shallows to 15˚ and
continues to shallow south of the quadrangle. The change in dip suggests that the throw on the
basement fault is decreasing to the south.
CONCLUSIONS
The geologic map and accompanying legend describe the stratigraphic, Quaternary, and
structural geology of the Deer Point quadrangle. The following conclusions can be made:


The presence of the Page Sandstone has been confirmed and is found throughout
the quadrangle.



12 Quaternary units were identified and mapped.



The quadrangle encompasses a NNW-SSE trending Laramide-aged asymmetrical
anticline.



The Waterpocket Fold is cored by two opposing basement faults. This causes the
vergence of the fold to be to the east in the Deer Point quadrangle.



The throw on the basement fault decreases to the south.
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Additional research involving dating of terrace deposits could aid in
understanding the erosional history of the Colorado Plateau.



The Deer Point quadrangle is located on the Circle Cliffs uplift.



17 mappable bedrock formations and members ranging from Triassic to
Cretaceous in age are found within the quadrangle.



This map contains the members of the Moenkopi, Chinle, and Carmel Formations
which have previously not been mapped.

REFERENCES
Anderson, R.E., and Barnhard, T. P., 1986, Genetic relationship between faults and folds and
determination of Laramide and neotectonic paleostress, western Colorado Plateautransition zone, central Utah: Tectonics, v. 5, n. 2, p. 335-357.
Baker, A.A., 1935, Geologic structure of the southeastern Utah: Bulletin of the American
Association of Petroleum Geologists, v. 19, p. 1472-1507.
Billingsley, G.H., Huntoon, P.W., and Breed, W.J., 1987, Geologic map of Capitol Reef National
Park and vicinity, Emery, Garfield, Millard, and Wayne Counties, Utah: Utah Geological
and Mineral Survey Map 87, scale1: 62,500.
Blakey, R.C., 1989, Triassic and Jurassic geology of the southern Colorado Plateau, in Jenney,
J.P., and Reynolds, S.J., editors, Geologic Evolution of Arizona: Arizona Geological
Society Digest., v. 17 p. 369-396.

34

Brown, W.G., 1993, Structural style of Laramide basement-cored uplifts and associated folds, in
Snoke, A.W., Steidtmann, J.R., Roberts, S.M., editors, Geology of Wyoming: Geological
Survey of Wyoming Memoir, no. 5, p. 312-371.
Bump, A.P., and Davis, G.H., 2003, Late Cretaceous-Early Tertiary Laramide deformation of the
northern Colorado Plateau, Utah and Colorado: Journal of Structural Geology, v. 25 p.
421-440.
Bump, A.P., Ahlgren, S.G., and Davis, G.H., 1997, A tale of two uplifts: Waterpocket Fold,
Capitol Reef National Park: Transactions, American Geophysical Union, v. 78, no. 46, p.
F701.
Capps, D.M., 1990, Presence and significance of regional bounding surfaces and genetic
sequences in eolian sandstone: Page Sandstone (Jurassic), south-central Utah [Master’s
thesis]: Northern Arizona University, 161 p.
Davis, G.H., 1978, Monocline fold pattern of the Colorado Plateau, in Matthews, V.I., editor,
Laramide Folding Associated with Basement Block Faulting in the Western United
States: Geological Society of America Memoir 151, p. 215-233.
Davis, G.H., and Bump, A.P, 2009, Structural geologic evolution of the Colorado Plateau, in
Kay, S.M., Ramos, V.A., Dickinson, W.R., editors, Backbone of the Americas, shallow
subduction, plateau uplift, and ridge and terrane collision: Geological Society of America
Memoir, v. 204, p. 99-124.
Davis, G.H., Bump, A.P., Garcia, P.E., and Ahlgren, S.G., 1999, Conjugate Riedel deformation
band shear zones: Journal of Structural Geology, v. 22, p. 196-190.

35

Dubiel, R.F., 1987, Sedimentology of the Upper Triassic Chinle Formation, Southeastern, Utah:
[Ph. D. thesis]: Boulder, Colorado, University of Colorado, 132 p.
Dutton, C.E., 1880, Geology of the high plateaus of Utah: United States Geographical and
Geological Survey Rocky Mountain region, p. 276-282, and atlas sheet 2.
Eardley, A.J., 1949, Structural evolution of Utah, in Hansen, G.H., and Bell, M.M., editors, The
Oil and Gas Possibilities of Utah: Utah Geological and Mineral Survey, Salt Lake City, p.
10-23.
Erslev, E.A., 1993, Thrusts, back-thrusts, and detachment of Rocky Mountain foreland arches, in
Schmidt, C.J., Chase, R.B., Erslev, E.A., editors, Laramide Basement Deformation in the
Rocky Mountain Foreland of the Western United States: Geological Society of America
Special Paper 280, p. 339-359.
Gilbert, G.K., 1877, Geology of the Henry Mountains: United States Geographical and
Geological Survey Rock Mountain Region: United States Geological Survey 2nd edition,
160. p.
Gregory, H.E., and Anderson, J.C., 1939, Geographic and geologic sketch of the Capitol Reef
region, Utah: Geological Society of America Bulletin, v. 50, p. 1827-1850.
Havholm, K.G., and Kocurek, G., 1994, Factors controlling aeolian sequence stratigraphy: clues
from super bounding surface features in the Middle Jurassic Page Sandstone:
Sedimentology, v. 41, p. 913-934.

36

Howell, E., 1875, Report on the geology of Utah, Nevada, Arizona, and New Mexico examined
in the years 1872 and 1873, in Wheeler, G.M., editor, Geographical and geological
explorations and surveys west 100th meridian: Geology, v. 3, p. 265-289.
Huntoon, P.W., 1993, Influence of inherited Precambrian basement structure on the localization
and form of Laramide monoclines, Grand Canyon, Arizona, in Schmidt, C.J., editor,
Laramide basement deformation in the Rocky Mountain foreland of the western United
States: Boulder, Colorado: Geological Society of America Special Paper 280, p. 243–
256.
Huntoon, P.W., and Sears, J.W. 1975, Bright Angel and Eminence faults, eastern Grand Canyon,
Arizona, Geological Society of America Bulletin, v. 86, p. 465-472.
Jones, S.L., and Blakey, R.C., 1997, Eolian-fluvial interaction in the Page Sandstone (Middle
Jurassic) in south-central Utah, USA: a case study of erg margin processes: Sedimentary
Geology, v. 109, p. 181-198.
Kelley, V.C., and Clinton, N.J., 1960, Fracture systems and tectonic elements of the Colorado
Plateau, University of New Mexico Publications in Geology, 106. p.
Luedke, R.G., 1953, Stratigraphy and structure of the Miners Mountain area, Wayne County,
Utah: U.S. Geological survey open file report, 94. p.
Martin, D.H., 2005, Geologic Map of the Golden Throne Quadrangle, Wayne and Garfield
Counties, Utah [M.S. thesis, unpublished]: Brigham Young University, 39 p.

37

Martin, D.H., Morris, T.H., Sorber, S.C., and Eddleman, J.L., 2007, Geologic Map of the Golden
Throne Quadrangle, Wayne and Garfield Counties, Utah: Utah Geological Survey Map
07-1, scale 1:24,000, 2 sheets.
McLelland, B.E., 2002, Geologic Map of the Fruita Quadrangle, Wayne County, Utah [M.S.
thesis, unpublished]: Brigham Young University, 161 p.
McLelland, B.E., Morris, T.H., Martin, D.H., and Sorber, S.C., 2007, Geologic Map of the Fruita
Quadrangle, Wayne County, Utah: Utah Geological Survey Map 07-2, scale 1:24,000, 2
sheets.
Mitchell, G.C., 1985, The Permian-Triassic stratigraphy of the northwest Paradox basin area,
Emeryg, Garfield, and Wayne Counties, Utah: The Mountain Geologist, v. 22, no 4, p.
149-163.
Morris, T.H., Manning, V., and Ritter, S.M., 2010, Geology of Capitol Reef National Park, Utah,
in Sprinkel, D.A., Chidsey, T.C., Jr., and Anderson, P.B., editors, Geology of Utah’s
Parks and Monuments: Utah Geological Association Millennium Guide Book, Third
Edition, Publication 28, p. 84-105.
Smith, J.F. Jr, Huff, L.C., Hinrichs, E. and Luedke, R.G., 1963, Geology of the Capitol Reef
area, Wayne and Garfield Counties, Utah, United States Geological Survey Professional
Paper 363, 102 p.
Smith, J.F. Jr., Huff, L.C., Hinrichs, E.N., and Luedke, R.G., 1963, Preliminary geologic map of
the Notom 4 NW Quadrangle, Utah: United States Geological Survey Mineral
Investigations, Field Studies Map MF 113, 1:24,000.

38

Sorber, S.C., 2006, Geologic Map and Structural Analysis of the Twin Rocks Quadrangle,
Wayne County, Utah [M.S. thesis, unpublished]: Brigham Young University, 46 p.
Sorber, S.C., Morris, T.H., and Gillespie, J.M., 2007, Geologic Map and Structural Analysis of
the Twin Rocks Quadrangle, Wayne County, Utah: Utah Geological Survey Map 07-3,
scale 1:24,000, 2 sheets.
Tindall, S.E., and Davis, G.H., 1999, Monocline development by oblique-slip fault propagation
folding: the East Kaibab monoclin, Colorado Plateau, Utah: Journal of Structural
Geology , v. 21, p. 1303-1320.
United States Geological Survey, 1987, Deer Point Quadrangle, Utah-Garfield County, 7.5
Minute Series [Topographic], 1:24,000, Utah: United States Geological Survey.

39

CHAPTER 2
Preliminary Analysis of the Red Slide
ABSTRACT
Numerous mass movement deposits are found within the Deer Point quadrangle. The
largest has been named the Red Slide. Several characteristics of the Red Slide have been
identified including its classification, breakaway zone, source, deposit size, composition, debris
flow path and depositional history. The Red Slide is a debris flow. The breakaway zone is a
concave cliff 1.5 miles (2.4 km) to the west of the debris flow’s present location. The scarp of
the flow is no longer identifiable. The source of the debris flow material is the Chinle Formation
and Wingate Sandstone. The Red Slide deposit covers an area over 16.6 million ft2 (~1.5 million
m2). The toe of the debris flow is more than 1 mile (1.6 km) wide. The estimated maximum
thickness of the debris flow is sixty meters. The Red Slide is primarily composed of fine-grained
clay- and silt- sized material and a small amount of angular pebble- to cobble-sized limestone
clasts from the Owl Rock Member of the Chinle Formation. Boulder- to sand-sized grains from
the Wingate Sandstone are scattered throughout the deposits. The larger grains, due to debris
flow processes, cap packages of inverse grading. The Red Slide likely occurred as a series of
large debris flows, not one catastrophic event, although they may have occurred at about the
same time.
INTRODUCTION
Landslides are among the most widespread geologic hazards on Earth. The United States
Geological Survey estimates that landslides result in 25 to 50 deaths and damages exceeding $2
billion annually in the United States (Spiker and Gori, 2000). The most costly landslide occurred
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in Utah with mitigation costs of over $400 million. The most deadly landslide occurred in
Puerto Rico killing 129 people (Spiker and Gori, 2000). A report published by the United States
Geological Survey demarcates areas where large numbers of landslides have occurred and areas
which are susceptible to landsliding in the United States (Godt, 1997). This report indicates that
there is high to moderate landslide susceptibility and incidence throughout the Colorado Plateau.
The shear strength of bedrock can be reduced by at least two conditions: high concentrations of
bentonitic clay that swell and shrink and formations in climatic zones with temperatures that rise
above freezing during the day and that fall below freezing at night (Yalcin, 2007, National
Climatic Data Center, 2012). The event that triggers the slope failure can also vary. Sudden
storms that drop large amounts of water can saturate the bedrock. The added weight of the water
and seismic activity can also trigger slope failure (Brunsden, 1984).
The national parks and recreation areas in southern Utah draw a lot of visitors to the
region each year and landslide awareness is an important safety concern (Godt, 1997, Spiker and
Gori, 2000, Worthington, personal communication). There are mass movement deposits
scattered throughout the Deer Point quadrangle and surrounding vicinity. The Red Slide is the
largest mass movement deposit in the quadrangle and will be the focus of this chapter (Figure
2.1). This study will provide preliminary data about the Red Slide including classification,
breakaway zone, source, deposit size, composition, debris flow path and depositional history.
Scattered throughout the quadrangle are other mass movement deposits. Most mass
movement deposits are sourced from the Chinle Formation and Wingate Sandstone but are very
small compared to the Red Slide. The only mass movement deposits found in the map area not
associated with the Chinle Formation and Wingate Sandstone are slump blocks in the Brushy
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Figure 2.1. Photo
looking SSE from
Halls Creek Overlook.
The Red Slide is
outlined in red and
labeled. The cliff in
the top right corner is
the likely source of the
debris flow.
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Basin Member of the Morrison Formation. These are found in the northeastern corner of the
quadrangle.
BACKGROUND AND PREVIOUS WORK
The term ‘landslide’ is often used loosely in the scientific vernacular. Generally it
comprises almost all varieties of mass movements on slopes even if there is no true sliding. The
wide range of variables that contribute to mass movement events have given rise to a myriad of
classification schemes. Classification schemes have been based on: engineering, geology, type
and size of material moved, rate of movement, water content, triggering mechanisms, age, and
morphology of deposited material and of the failure surface (Ladd, 1935; Sharpe, 1938; Ward,
1945; Hutchinson, 1968; Zaruba and Mencl, 1969; Blong, 1973a; Crozier, 1973; Coates, 1977;
Varnes, 1978; Brunsden, 1984; Hungr et al., 2006). Some classifications rely on quantitative
details like depth and length and others incorporate qualitative data like surface morphology
(Sharpe, 1938; Crozier, 1873). There is no classification that relies exclusively on quantitative
data and due to the complexity of landslides, the creation of a single rigorous quantitative
classification seems unlikely. Such a detailed classification would not be popular because of its
limited use. Some classifications may appear more useful but each can be successful if it
accomplishes the needs of the user (Brundsen, 1984).
No dedicated scientific research has been done on the Red Slide. Billingsley et al.
(1987) mapped the Red Slide and surrounding mass movement deposits as colluvial deposits but
no effort at classification has been done.
METHODS
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Data were gathered in two ways. Color, grain size, grading and stratigraphic contacts
were identified through field work. Remote sensing using color aerial photos was used to map
the extent of the debris flow and identify the morphology. VrOne and VrTwo from Cardinal
Systems were used in the initial mapping of the Red Slide, subsequent edits and area calculations
were done using ArcGIS 10.
DATA AND OBSERVATIONS
The Red Slide is located in the center of the Deer Point quadrangle. The breakaway zone
is in cliffs 1.5 miles (2.4 km) to the west. The cliffs are approximately 1400 feet (427 m) higher
in elevation than the base of the debris flow. In map view, the cliffs are concave to the north.
Small mass movement deposits are found at the base of the cliffs. These deposits may have
partially sourced the Red Slide. These deposits are separated from the Red Slide deposit by
exposed bedrock of the Chinle Formation. The majority of the Red Slide is on the west side of
Halls Creek. Several small deposits were found on the east side of Halls Creek that are identical
to the Red Slide in color, grain size and grading, but they are too small to map and do not show
up on Plate 1.
The morphology of the debris flow is fan shaped with a hummocky surface and an
eastern flow direction. The flow path is a slot canyon, or series of slot canyons cut through the
Waterpocket Fold. The majority of the flow path is still covered by debris flow deposits so the
exact path of any given flow is unknown. Along a portion of the flow path, the Monitor Butte,
Petrified Forest, and Owl Rock Members of the Chinle Formation are exposed.
The mapped debris flow deposit covers an area of 16,655,000 ft2 (1,547,000 m2), roughly the size
of 289 football fields. The toe of the debris flow is 1.25 miles (2 km) wide. The color is a
44

moderate-reddish-brown. Maximum thickness of the debris flow was calculated using a
topographic map and digital elevation model. The maximum thickness is approximately 197 feet
(60 m). The deposit thins at the flanks. Three packages of inversely graded rock were observed
and documented which result in crude stratification. They are located at the toe of the Red Slide
where Halls Creek has eroded the deposit. The three observed packages range in thickness from
six feet to thirty feet (2-10 m) (Figure 2.2). The source of the debris flow material is the Wingate
Sandstone and the Chinle Formation. Material from the Wingate Sandstone ranges from large
angular sandstone boulders to sand-sized grains. Material from the Chinle Formation ranges
from mud- to sand-sized grains. Generally the Red Slide deposits are well cemented.
DISCUSSION & ANALYSIS
Classification
The classification system used for this study was created by Varnes (1978) (Table 2.1).
Using this classification method, the Red Slide deposits are classified as a debris flow. Varnes
(1978) uses two primary characteristics, movement type and material type. Variables like rate of
movement, water content and triggering mechanisms cannot be determined. Therefore,
classifications by Sharpe (1938), Crozier (1973) and others could not be used.
Inverse Grading
Inverse grading is defined as an upward increase in clast size. Inverse grading has been
observed in terrestrial and sub-aqueous mass movement deposits, ranging from millimeter-size
grain flows to coarser flows containing cobbles and boulders (Hand, 1997). The origin of
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Figure 2.2. Packages of inverse
grading located at the toe of the
Red Slide. a) Two small inverse
graded packages were identified.
The top deposit is about 6 ft. (2m)
thick and the bottom deposit is
about 2 ft. (.6 m). b) An event
that measures about 30 ft. (10m)
thick.
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Table 2.1. Landslide classification system (modified from Varnes, 1978).

inverse grading is not completely understood (McLane, 1995). There have been many attempts
to explain the forces that cause this form of deposition. Early explanations include: dispersive
pressure, kinetic sieving and the flow boundary effect. These early explanations are not
considered acceptable methods to explain inverse grading (Legros, 2002). Newer mechanisms
for inverse grading include: clay rheology, reduced buoyancy, and suspension sedimentation
(Naylor, 1980). Naylor (1980) suggests that inverse grading is most likely the combination of
several mechanisms that create the pressure and stress within a debris flow that diffuse large
grains to the top, front and flanks of the deposit. Because of the complexity present in mass
movements, no single theory has sufficiently explained the origin of inverse grading in all
depositional environments.
The three packages of inverse grading observed in the Red Slide deposit indicate that it
did not occur as one large event, but multiple events. As discussed earlier, the estimated total
thickness of the Red Slide is approximately 197 feet (60 m). The largest deposit observed was
30 feet (10 m) thick. This indicates that there could have been six events that make up the Red
Slide. It is possible that larger packages exist, reducing the number of events that created the
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Red Slide. It is also possible that the observed thirty foot package represents the largest event,
suggesting the Red Slide is comprised of many events.
Viscosity
Debris flows exhibit a behavior that is between a solid and a liquid. Debris flows can
have a wide range of viscosities. Material type and water content are two primary influences
determining the viscosity of a debris flow. The exact water content of the Red Slide is unknown.
However, debris flows typically have water content ranging from 20% to 40% (Lorenzini and
Mazza, 2004). The higher the water content in the flow material, the lower the viscosity.
Bentonitic clays absorb water. Clay-rich materials can cause water content to be high in a mass
movement. An increase in the amount of water causes a decrease in the cohesive strength
(Yalcin, 2007). The Red Slide deposit contains bentonitic clay from the Petrified Forest Member
of the Chinle Formation. The clay would have increased the water content of the Red Slide,
allowing failure to occur more easily and lowering the viscosity of the debris flow.
The Red Slide was deposited 1.5 miles (2.4 km) from the breakaway zone and there is
exposed bedrock along the flow path between the deposit and the source. The exposed bedrock
could indicate that the debris flow moved with a velocity rapid enough to pick up any deposits
covering the bedrock. The flow appears to have swept and evacuated debris materials along the
steeper portions of the slide profile.
Debris Flow Path
The flow path is easily identified. Directly below and to the east of the breakaway zone
are a series of slot canyons carved through the Waterpocket Fold. These slot canyons are
naturally formed by erosion and provide a direct route for the debris flow material to reach the
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strike valley. These canyons are likely to be the path for future debris flows. The Red Slide still
covers most of the flow path. The only portion of the flow path that remains devoid of debris
flow material is a small canyon approximately 1300 feet (400 m) wide and 400 feet (120 m) deep
near the head of the Red Slide.
History
Three hypotheses were developed that explain the depositional history of the Red Slide.
It has been shown that the Red Slide is the combination of several events. The first hypothesis is
that there were several large failures that broke away from the cliffs to the west. These failures
would have been large enough to reach the strike valley as soon as the material broke away. The
second hypothesis is that the slope failures were small and were deposited at the base of the cliff.
The small deposits would amalgamate, potentially oversteepen, and eventually become large
enough to move into the strike valley. The third is a combination of the first two.
The first hypothesis is the simpler of the two. The breakaway zone is comprised of the
Wingate Sandstone underlain by the Chinle Formation. The Petrified Forest Member of the
Chinle Formation contains significant amounts of bentonitic clay (Repenning et al., 1969;
O’Sullivan, 1970; Murry, 1990; Morris et al., 2010). The swelling and shrinking of the clay
within the bedrock could induce weakness. This, combined with the overburden stress of the
overlying Wingate Sandstone would make the cliffs very susceptible to slope failure. Added
weight from a large rainstorm or snow melt that saturates the rock or a seismic event could
trigger the failure. Once moving, the debris flow would move east down the feeder canyon and
into the strike valley. This process would be repeated, forming the multiple graded packages
observed.
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The second hypothesis is that small failures would occur in much the same way that the
large failures occurred in the first hypothesis. However, these small failures would not have
enough energy or material to make it into the strike valley. Over time they would collect at the
base of the cliffs. Oversteepening of the deposits, a seismic event or some other triggering event
could remobilize the deposits and they would move eastward into the strike valley as one large
debris flow deposit. Like the first hypothesis, this process would repeat itself resulting in the
inverse grading packages observed. This hypothesis is more complicated but needs to be
considered because of the small deposits presently found at the base of the cliffs that sourced the
Red Slide. It is unclear whether these deposits are younger than the Red Slide or if they were left
behind as debris flows moved into the strike valley.
The third hypothesis is a combination of the first and second. As the slope became
weaker small debris flows would occurred. These would make it to the bottom of the cliffs or
part way down the slot canyon but not into the strike valley. An abnormally large rainfall or
some tectonic event would trigger a much larger debris flow that would sweep down the canyon
taking with it the smaller deposits. It is unclear exactly which hypothesis is true. However, the
small deposits presently found at the base of the breakaway zone are evidence that the second or
third hypothesis most accurately describes the history of the Red Slide.
It is important to understand which of these three hypotheses is correct because of the
hazard of another failure. The first hypothesis could result in a more dangerous and catastrophic
failure. Park personnel and visitors would have little warning to the growing hazard and a
triggering event could cause the failure to occur rapidly. If the second hypothesis is true, buildup
of deposits at the bottom of the cliffs above the strike valley could be monitored.
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FURTHER WORK
Dating the debris flow would assist in the understanding of the Red Slide’s history. It
would provide dates for the debris flow deposits found on the east side of the strike valley and
the deposits by the cliffs. Various mass movement dating methods exist ranging from classic
methods like radiocarbon and lichenometric dating to new methods like cosmogenic nuclide and
optically-stimulated luminescence (OSL) dating (Lang et al., 1999). Ascertaining the
chronology of landslides in the area is essential for understanding the causes of mass movements
and for the evaluation of hazards.
Gaining a better understanding of the volume and the inverse graded packages would also
be valuable in understanding the history of the Red Slide. A seismic survey or ground
penetrating radar survey would provide data that allows for more accurate thickness estimates.
This would also provide greater understanding of the basal topography of the Red Slide.
Boreholes could also be drilled to establish how thick the inverse graded packages are.
Boreholes traversing across the Red Slide would allow for correlation of inverse graded
packages. This would identify how many debris flows actually make up the Red Slide.
There are several difficulties in accomplishing the previously mentioned studies. Access
to the Red Slide is difficult. The quickest route is one mile of rough unmaintained trail, with an
800 ft. elevation change over about a quarter mile. The park is designated as protected
wilderness. This makes permitting difficult. If permits were issued, any type of equipment
would have to be carried in by horseback. The actual collection of samples would not be
difficult. However, the amount of materials and resources would make this a huge expense and
justification would be difficult.
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CONCLUSIONS
The Red Slide is a debris flow. It covers an area over 16.6 million ft2 (1.5 m2) which
does not account for recent erosion by Halls Creek. The Red Slide was not one large debris flow
but a series of flows that accumulated in the strike valley. It is composed of mud- to sand- sized
grains from the Chinle Formation and sand- to boulder-sized grains from the Wingate Sandstone.
The inverse grading observed in the Red Slide indicates that it is comprised of multiple mass
movement deposits. The Red Slide is not currently considered active but still presents a potential
hazard due to its proximity to hiking trails. The buildup of small deposits near the breakaway
zone indicates that an event large enough to flow into the valley cannot be ruled out.
This study has identified that mass movement events sourced from the Chinle Formation
and Wingate Sandstone can have the attributes of a debris flow. Debris flows can occur rapidly
and with little warning, increasing the risk to the general public. The Chinle Formation is found
throughout the Colorado Plateau. Landslide mitigation plans need to recognize that slope
failures occurring in the Chinle Formation and Wingate Sandstone could have the characteristics
of a debris flow.
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APPENDICIES
APPENDIX A


Plate 1. Geologic Map of the Deer Point quadrangle.



Plate 2 Legend for the Deer Point quadrangle map with the following.
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o Map unit description.
o Geologic cross-section.
o Stratigraphic column of mapped units.
o Map key.
APPENDIX B
A data CD containing the following information:


Geologic Map of the Deer Point Quadrangle, Garfield County, Utah (ESRI ArcMap 10).



Map legend and key of the geologic map of the Deer Point quadrangle (Adobe Illustrator
CS 4).



Digital version of this thesis (Adobe PDF).
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Locally derived old alluvial terrace deposits (Quaternary) - Old
terrace deposits derived from local sources, composed of clay- to
cobble-size particles of mudstone, siltstone, and sandstone. These
terraces are found adjacent to Halls Creek. Thickness ranges from
0-20 feet (0-6 m).

Landslide deposits (Quaternary) - Two types of mass movement
deposits are present in the mapping area. Debris flows (Qmsd)
composed of the Chinle Formation and Wingate Sandstone are
found throughout the western half of the quadrangle. The other
mass movements found in the map area are earth slumps (Qmse) in
the Brushy Basin Member of the Morrison Formation. These slump
blocks are found in the northeast section of the map. Thickness
ranges from 0 to 197 feet (0-60 m).
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Page Sandstone (Middle Jurassic) - The Golden Throne quadrangle is
approximately 25 miles north of the Deer Point quadrangle. In the
Golden Throne quadrangle a ripple-laminated, moderate-reddishbrown to dark-reddish-brown mudstone and sandstone called the
Judd Hollow Tongue Member of the Carmel Formation divides the
Harris Wash Member and the Thousand Pockets Member of the
Page Sandstone (Martin, 2005). In the Deer Point quadrangle the
Judd Hollow Tongue Member is not observed. Thus, the Page
Sandstone has been identified as one unit and the Harris Wash
Member and Thousand Pockets Member were not mapped independently.
The Page Sandstone consists of pale-orange to
pale-yellowish-orange, cross-stratified, fine- to medium-grained
sandstone. It is ledge forming. The basal contact is recognized as the
change in color from the pale-orange and pale-yellowish-orange
color of the Page Sandstone to the pale-gray to white color of the
Navajo Sandstone. Basal contact is sharp. The contact can also be
identified is some locations by the weathering pattern. The Page
Sandstone is often observed as “flat-irons” or triangular-shaped
spurs along the west side of the strike valley. Thickness ranges from
133 to 153 (41-47 m).
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Winsor Members of the Carmel Formation (Middle Jurassic) Consists of the Upper and Lower Winsor Members. Pale reddishbrown siltstone and mudstone beds with light-grey to white gypsum.
Gypsum ranges from small stringers to thicker bands of originally
bedded strata. In some locations gypsum movement has deformed
overlying beds of the Entrada Sandstone. Slope forming. Thickness
ranges from 80 to 100 feet (24-30 m).
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View looking northwest up the strike valley or (Grand Gulch) from the Brimhall Double Arch

UTAH
38˚30’
Ca
the

Salt Lake
City

Fruita
Quadrangle

dra

SOURCES OF DATA

15

l Va

lley

Billingsley, G.H., Huntoon, P.W., and Breed, W.J., 1987, Geologic map, of CRNP and vicinity,
Emery, Garfield, Millard, and Wayne Counties, Utah: Utah Geological and Mineral Survey
Map 87, scale1:62, 500.

6

89

Crozier, D.R., 1973, Techniques for the morphometric analysis of landslips: Zeit Geomorphology Dunamique, v. 17, p. 78-101.

Capitol Reef
National Park

70
24

Lorenzini, G., Mazza, N., 2004, Debris Flow Phenomenology and Rheological Modelling:
Great Britain, WIT Press, p. 7.

24

95

12

Martin, D.H., Morris, T.H., 2006, Geologic Map of the Golden Throne Quadrangle, Wayne
and Garfield Counties, Utah: Utah Geological Survey Map 07-1, scale 1:24,000, 2 sheets.

89

N.P.
Visitor
Center

Torrey

38˚15’

191

15

24

24

Navajo Sandstone (Lower Jurassic) - Pale-gray to white, large scale
high angle trough cross-stratified, fine- to very-fine sandstone.
Localized soft sediment deformation observable in the top 200 feet.
Forms cliffs and rounded domes. The map contact in between the
Navajo Sandstone and Kayenta Formation has been chosen as the
last prominent red shale bed before uniform sandstone. Cliff
forming. Thickness ranges from 1000 to 1300 feet (305-396 m).
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Kayenta Formation (Lower Jurassic) - Moderate-reddish-brown to
moderate-reddish-orange sandstone and siltstone beds. Forms
stepped, moderately vegetated topography composed of ledges,
occasional cliffs, and slopes. Thickness ranges from 300 to 400 feet
(91-122 m).
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Wingate Sandstone (Lower Jurassic to Triassic (?)) - Light-brown to
moderate-reddish-brown, high to low angle cross-stratified to
massive, very fine- to fine-grained sandstone. Walls highly
fractured and often covered with black to brown desert varnish.
Forms a prominent cliff. Thickness ranges from 350 to 400 feet
(107-122 m).
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Location of Deer Point quadrangle Relative to Capitol Reef National Park (modified from Morris et al., 2010).
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Entrada Sandstone (Middle Jurassic) - Grayish-orange high to low
angle trough cross-stratified sandstones found at the top of the
formation, grayish- to moderate-red mudstones in the middle and
reddish-orange fine-grained cross-stratified sandstones at the base.
Sandstones are cliff forming and mudstones are slope forming.
Thickness ranges from 550-650 feet (167-198 m).
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Dakota Formation
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Summerville Formation (Upper Jurassic) - Thin bedded, red-brown
mudstone and siltstone beds with interbeds of limestone, sandstone,
and gypsum. “Coconut” gypsum stringers may be found as
fracture-fill. Forms cliffs, ledges, and slopes. Thickness is approximately 100 feet (30 m).
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Salt Wash Member of the Morrison Formation (Upper Jurassic) Light-gray to light-grayish-brown claystone, mudstone, siltstone,
sandstone and pebble conglomerate. Sandstones are fine- to
medium-grained with moderate sorting. Claystone and mudstone
beds are chiefly gray in color but can locally display a spectrum of
reds, browns, yellows, and greens. Laterally discontinuous lenses of
cross-stratified sandstone and conglomerate exist. Conglomeratic
pebbles are mainly chert with minor amounts of quartzite and
silicified limestone. Forms cliffs and occasional slopes. Thickness
ranges from 260 to 300 feet (79-91 m).

The slide source
(break-away zone)

Boundaries separating Captiol Reef
National Park, Glen Canyon National
Recreation Area, Grand Staircase
Elscalante National Monument and the
Bureau of Land Management
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Brushy Basin Member of the Morrison Formation (Upper Jurassic)
- Light-greenish-gray and reddish-brown laminated claystone,
mudstone, and siltstone beds with minor amounts of sandstone and
conglomerate. Contains a significant amount of smectitic clay
giving slope a crumbly “popcorn” like surface. Slope forming.
Thickness ranges from 200 to 250 feet (60-75 m).
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Cretaceous Dakota Sandstone (Lower Cretaceous) - Very fine- to
fine-grained, tan to brownish-gray quartzose sandstone with thin
interbeds of conglomerate. Horizontal and cross-stratified beds are
both common. Ledge forming. Thickness ranges from 15 to 30 feet
(5-10 m).
JURASSIC

Jmb
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Event ~30 ft

Ephemeral creeks and drainages

CORRELATION OF GEOLOGIC UNITS

Talus deposits (Quaternary) - Deposits from rock falls and rock slides
deposited on slopes. Sediment composed of clay- to boulder-size
particles. Commonly found where an easily erodible rock layer is
located directly under a more resistant rock layer. Thickness ranges
from 0 to 5 feet (0-1.5 m).
CRETACEOUS

Kd

MAP SYMBOLS
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San Rafael Group
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Joints - Showing areas with prominent
joint sets (only most prominent shown)

Sinbad Member of the Moenkopi Formation (Lower Triassic) - Verypale-orange to grayish-orange limestone and dolostone beds with
interbeds of calcareous siltstone, sandstone, and algal boundstone.
Upper bed commonly contains oolitic grains. In the Deer Point
quadrangle it is only exposed in the bottom of fluvial channels in the
northwest corner of the quadrangle. Thickness ranges from 50 to 70
feet (12-21 m).

Glen Canyon Group

Lacustrine-fill deposits (Quaternary) - Man-made dams that backfilled
with run-off creating an ephemeral lacustrine system. Thickness
ranges from 0-10 feet (0-3 m).

27

Strike and dip of bedding, dashed where
calculated

Torrey Member of the Moenkopi Formation (Lower Triassic) Moderate-reddish-brown to moderate-reddish-orange mudstone,
siltstone, and sandstone beds. Mudstone and siltstone beds contain
ripple marks and mudcracks. Forms ledges and slopes. Thickness
ranges from 200-220 feet (61-67 m).
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Moody Canyon Member of the Moenkopi Formation (Lower
Triassic) - Moderate-reddish-brown to moderate-reddish-orange
laminated mudstone and siltstone beds with sparse fine-grained
ripple-laminated sandstones with gypsum veins and stringers. Slope
forming. Thickness ranges from 250-300 feet (76-91 m).
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Image of an inversely graded package of the Red Slide
deposit.
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Eolian deposits (Quaternary) - Composed of wind-blown, sand-size
particles. Largest accumulation is on Big Thompson Mesa capping
the Dakota Sandstone. Thickness ranges from 0 to 25 feet (0-7.5 m).
Lacustrine-eolian deposits (Quaternary) - Erosional ‘pockets’ in the
Navajo Sandstone where water collects creating lake deposits.
Thickness ranges from 0-10 feet (0-3 m).
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Monocline - Showing trace of the axial
plane and plunge direction. Dashed
where approximated or covered by
Quaternary sediments

Shinarump Conglomerate Member of the Chinle Formation (Upper
Triassic) - Grayish-orange to very-pale-orange, cross-stratified,
medium- to coarse-grained sandstone and conglomerate. Contains
petrified wood. Beds are discontinuous due to its braided fluvial
depositional history. In the Golden Throne quadrangle to the north,
the Shinarump Conglomerate has been mined for uranium. Forms
ledges and cliffs. Thickness ranges from 0 to 50 feet (0-15 m).

TRIASSIC
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Locally derived old alluvial terrace-eolian deposits (Quaternary) Old terrace deposits derived from local sources, composed of clayto cobble-size particles of mudstone, siltstone and sandstone.
Because of the proximity to the Navajo Sandstone, sand deposition
creates an eolian cover. Thickness ranges from 0 to 20 feet (0-6 m).

1Pulse or
Event ~6ft

Syncline - Showing trace of the axial
plane and plunge direction. Dashed
where approximated or covered by
Quaternary sediments

Monitor Butte Member of the Chinle Formation (Upper Triassic) Light-olive-gray to greenish-gray bentonitic claystone and mudstone
beds with thin lenses of dark-yellowish-orange to dusty-brown,
cross-stratified, sandstone beds. Slope forming. Thickness ranges
from 150 to 200 feet (46-61 m).
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Alluvial and floodplain deposits of a former river level (Quaternary)
- Moderately to well sorted, clay- to cobble-size mudstone,
sandstone, and limestone sediments that forms flat and gently
sloping surfaces above modern drainages. Subscript denotes height
above active drainages: level-2 deposits are 5 to 10 feet (1-3 m) and
level-3 deposits are 10 to 20 feet (3-6 m) above modern drainages.

Anticline - Showing trace of the axial
plane and plunge direction. Dashed
where approximated or covered by
Quaternary sediments

Petrified Forest Member of the Chinle Formation (Upper Triassic) Moderate-reddish-brown mudstone and siltstone beds interbedded
with 2 feet (0.6 m) thick carbonate nodule horizons. Interpreted to be
paleosols. Petrified wood found within the member. Forms a slope.
Thickness ranges from 180 to 200 feet (55-61 m).
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Alluvial and floodplain deposits (Quaternary) - Poorly sorted material
found in modern streams and rivers. Includes clay- to boulder-size
sediments composed of mudstone, sandstone, and limestone
particles. It should be noted that the topographic basemap was
created from 1982 vintage aerial photos and the geology was
mapped using 2001 vintage aerial photos. As a result, the blue line
representing Halls Creek, sometimes cuts terrace deposits. This is
due to the changes in Halls Creek over time. Thickness ranges from
0 to 5 feet (0-1 m).
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Debris flows exhibit a behavior that is between a solid and a liquid, and can have a wide range of viscosities. Material type and water content are
two primary influences determining the viscosity of a debris flow. The exact water content of the Red Slide is unknown. However, debris flows typically
have water content ranging from 20% to 40% (Lorenzini and Mazza, 2004). The higher the water content in the flow material, the lower the viscosity.
Bentonitic clays absorb water. This can cause water content to be high in mass movement materials when clays are present. An increase in the amount of
water causes a decrease in the cohesive strength (Yalcin, 2007). The Red Slide deposit contains bentonitic clay from the Petrified Forest Member of the
Chinle Formation. The clay would have increased the water content of the Red Slide, allowing failure to occur more easily and lowering the viscosity of
the debris flow.
The Red Slide was deposited 1.5 miles (2.4 km) from the breakaway zone and there is exposed bedrock along the flow path between the deposit
and the source. The exposed bedrock could indicate that the debris flow moved with a velocity rapid enough to pick up any deposits covering the bedrock.
The flow path is easily identified. Directly below and to the east of the breakaway zone are a series of slot canyons carved through the Waterpocket Fold.
These slot canyons are naturally formed by erosion and provide a direct route for the debris flow material to reach the strike valley. These canyons are
likely to be the path for any future debris flow. The Red Slide still covers most of the flow path. The only portion of the flow path that remains devoid of
debris flow material is a small canyon approximately 1300 feet (400 m) wide and 400 feet (120 m) deep near the head of the Red Slide.
Three hypotheses were developed that explain the depositional history of the Red Slide. It has been shown that the Red Slide is the combination of
several large events. The first hypothesis is that there were several large failures that broke away from the cliffs to the west. These failures would have
been large enough to reach the strike valley as soon as the material broke away. The second hypothesis is that the slope failures were small and were
deposited at the base of the cliff. The small deposits would amalgamate, potentially oversteepen, and eventually become large enough to move into the
strike valley. The third is a combination of the first two.
The first hypothesis is the simpler of the two. The breakaway zone is comprised of the Wingate Sandstone underlain by the Chinle Formation.
The Petrified Forest Member of the Chinle Formation contains significant amounts of bentonitic clay (Repenning et al., 1969; O’Sullivan, 1970; Murry,
1990; Morris et al., 2010). The swelling and shrinking of the clay within the bedrock could induce weakness. This, combined with the overburden stress
of the overlying Wingate Sandstone would make the cliffs very susceptible to slope failure. Added weight from a large rainstorm or snow melt that
saturates the rock or a seismic event could trigger the failure. Once moving, the debris flow would move east down the feeder canyon and into the strike
valley. This process would be repeated, forming the multiple graded packages observed.
The second hypothesis is that small failures would occur in much the same way that the large failures occurred in the first hypothesis. However,
these small failures would not have enough energy or material to make it into the strike valley. Over time they would collect at the base of the cliffs.
Oversteepening of the deposits, a seismic event or some other triggering event could remobilize the deposits and they would move eastward into the strike
valley as one large debris flow deposit. Like the first hypothesis, this process would repeat itself resulting in the inverse grading packages observed. This
hypothesis is more complicated but needs to be considered because of the small deposits presently found at the base of the cliffs that sourced the Red Slide.
It is unclear whether these deposits are younger than the Red Slide or if they were left behind as debris flows moved into the strike valley.
The third hypothesis is a combination of the first and second. As the slope became weaker small debris flows would occurred. These would make
it to the bottom of the cliffs or part way down the slot canyon but not into the strike valley. An abnormally large rainfall or some tectonic event would
trigger a much larger debris flow that would sweep down the canyon taking with it the smaller deposits. It is unclear exactly which hypothesis is true.
However, the small deposits presently found at the base of the breakaway zone are evidence that the second or third hypothesis most accurately describes
the history of the Red Slide.
It is important to understand which of these three hypotheses is correct because of the hazard of another failure. The first hypothesis could result in
a more dangerous and catastrophic failure. Park personnel and visitors would have little warning to the growing hazard and a triggering event could cause
the failure to occur rapidly. If the second hypothesis is true, buildup of deposits at the bottom of the cliffs above the strike valley could be monitored. This
would allow the park service to take appropriate action to mitigate the hazard.
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Owl Rock Member of the Chinle Formation (Upper Triassic) - Orange
and purple mudstone, siltstone, and sandstone beds with 1-2 feet
thick interbedded, mottled, dusty-red to pale-yellowish-green
limestone. Interpreted as containing numerous paleosols with
abundant rhizoliths and bioturbated horizons.
Slope forming.
Thickness ranges from 300 to 350 feet (91-106 m).
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Alluvial-eolian deposits (Quaternary) - Moderately to well sorted,
clay- to sand-sized alluvial sediment that locally includes eolian
sand and alluvial gravel. Commonly eolian sands drape the alluvial
deposits. Thickness ranges from 0 to 15 feet (0-5 m).

Upper

Qal1

GEOLOGIC SYMBOLS

Unconformity

QUATERNARY

Qae

Plate 2
Geologic Map of the Deer Point Quadrangle,
Garfield County, Utah
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